We evaluated the use of three-dimensional (spiral) computed tomography (CT) to assess widening of the bony cervical spinal canal following en bloc open-door C3 ± C7 laminoplasty in 31 patients. Measurements were performed using a computerised image processing system. The increment in the anteroposterior spinal canal axis and volume of the bony spinal canal was investigated in relation to changes in cervical spine lordosis as well as postoperative neurological improvement. Neurological follow-up averaged 2.6 years (range, 1 to 7 years). A mean increase of 42% was observed in the anteroposterior axis of the canal between C3 to C7 after surgery, while the volume increased by 45%. Postoperatively, cervical spine lordosis correlated with increments in the volume of the enlarged bony canal rather than the anteroposterior axis. Postoperative neurological improvement correlated signi®cantly with the increase in the canal volume. Our results indicate that spiral CT is useful for the assessment of the magnitude of cervical canal enlargement and evaluating the space available for the spinal cord following the relief of compression.
Introduction
Three-dimensional (spiral) computed tomography (CT) scanning can be used to assess the surface and level of bone as well as joint structures. The exterior and splitsagittal views of the spiral CT show structural changes in the spine, which often require multiple twodimensional images to view the entire object. 1 ± 6 En bloc open-door laminoplasty for cervical myeloradiculopathy pertaining to multilevel compressive lesions, can widen the spinal canal at multiple segments, while simultaneously restructuring the posterior elements of the spine which are necessary for maintaining neck-extending musculature. 7 ± 11 The cervical cord can be well decompressed following surgery with possible dorsal migration of the cord within the enlarged canal in a stereotaxic fashion. 12 ± 14 The canal enlargement and posterior migration of the cerival cord are usually assessed by magnetic resonance imaging scanning. 14 ± 18 Serial CT scans may also be used to evaluate the degree of spinal canal enlargement at dierent vertebral levels, but such assessment often requires multiple transaxial images. A more useful approach would be to view the cervical spine and the enlarged canal and to identify those vertebrae associated with con®gurational changes in the spinal canal. To our knowledge, there are no reports that have previously assessed quantitatively the size of the cervical spinal canal after laminoplasty using spiral CT.
The present study was designed to assess spiral CT in evaluating the extent of cervical spinal canal enlargement and to quantify the con®gurational changes in the canal after open-door laminoplasty.
Patients and methods
Patients and neurological assessment A total of 84 patients underwent en bloc open-door laminoplasty for multisegmental impingement on the cervical spinal cord during 1988 ± 1995 in our unit. Among these, 31 patients (18 men and 13 women) consented to undergo serial spiral CT examinations before and after surgery. The protocol of this prospective study strictly followed the Ethical Committee Guidelines of our University.
The average age at surgery was 63.5 years (range, 40 to 81 years), and the average neurological as well as spiral CT follow-up was 2.6 years (range, 1 to 6.5 years). Nineteen patients had cervical spondylosis, while 12 patients had ossi®cation of the posterior longitudinal ligament. Patients presented with a wide spectrum of clinical features of myeloradiculopathy. We used the Japanese Orthopaedic Association (JOA) scoring system to evaluate the neurological de®cits in these patients (Table 1) .
En bloc open-door laminoplasty operation Our surgical technique of en bloc open-door laminoplasty has been described previously in several other publications. 7 ± 9,14 Brie¯y, the patient was ®xed with a three-point head rest, and a midline skin incision was made over the spinous process between C2 and T1 levels, followed by exposure of the laminae and bilateral facet joints from C3 to C7. Two longitudinal lateral troughs were made at sites just medial to the facet joints between C3 and C7. The inner cortices of the laminae on the neurologically advanced sides were excised with a high speed diamond burr and a microKerrison rongeur, whereas the contralateral hinged side of the laminae was thinly shaved. The laminae of C3 to C7 were carefully opened on the more aected side followed by spacer bone grafting between the facets and corresponding laminae usually at C4 and C6 levels, using the spinous processes harvested from C6 and C7, or T1. A spacer bone graft, about 8 to 10 mm in length, was essential for the laminae so as to be maintained in the`kept open' position postoperatively. However, the period for osseous union depends on the bone quality of the graft in individual patients. Isometric neck extension exercises were encouraged from the second week after surgery, and a soft neck collar ®xation continued for approximately 3 months postoperatively. No patient in this series developed radiculopathy due to root(s) tethering or stretching following laminoplasty during the early postoperative period, and the patient was allowed to return to normal activity by 4 ± 5 months postoperatively.
Radiological evaluation
Lateral radiographs of the cervical spine, including neutral and¯exion-extension views, were taken during the course of follow-up. Osseous union of the spacer bone graft was assessed primarily by serial CT scans. To obtain spiral CT images (Figure 1 ), we used a high resolution CT scanner (Highspeed Advantage RP, General Electric, Milwaukee, WI). The table incrementation speed was set at 3 mm/s, and a scan was Volume measurements of the spinal canal were based on known cross-sectional areas of a series of contiguous slices within one vertebra and on the thickness of each slice. The area of the bony spinal canal at each vertebral level before laminoplasty and at follow-up,`area-n' and`area-n'' in Figure 2c , was traced directly on the CT image displayed on the computer monitor and measured using the NIH imaging software. We also measured the distance`l' between the upper ends of the laminae of two successive vertebrae (Figure 2c) Changes in the volume are determined by measuring the preand post-operative areas of the canal at a particular vertebra (area n, and area n', respectively; dark areas) and the length of the space (l) extending between the anatomical landmarks, as described in the Methods Figure 3 shows the anteroposterior expansion and volumetric increment ratios of the spinal canal at C3 to C7. The spinal canal expansion ratio ranged from 37% at C7 to 45% at C6, with an average of 42+11%. The widening was highest at C6 level compared with that at C3 and C7 levels (P50.05). On the other hand, the largest increase in the spinal canal volume occurred at C4, C5 and C7 levels, the ratio at these levels ranged from 42% to 49%, with a mean ratio of 45+8% between C3 and C7 levels.
Statistical analysis

Results
Enlargement of the cervical spinal canal
Correlation between cervical spine lordosis and widening of spinal canal
The relationships between postoperative cervical spine lordosis and spinal canal anteroposterior expansion ratio as well as volume increment ratio are shown in Figures 4a and b, respectively. There was no signi®cant correlation between postoperative cervical spine lordosis and spinal canal expansion ratio (r 2 =0.002, P40.05). In contrast, there was a signi®cant correla- 
Discussion
A spiral CT scan displays the surface of an object in a stereotaxic image. Such image provides valuable information for establishing the surgical plan and identifying the structural changes postoperatively. The laminoplasty operative technique allows the compromised cervical cord to migrate and extend posteriourly in close association with the enlargement of the bony spinal canal. 8,9,14,20 ± 23 Obviously, such increase in space would diminish the likelihood of compressive lesions of the spinal cord. Based on these considerations, a better evaluation of the size of the bony canal is bene®cial in postoperative assessment and neurological prognosis.
Using the same operation technique in another group of patients, we previously reported a mean increase of 40% in the anteroposterior dimension of the bony canal. 7, 8, 14 Other investigators also reported 30 to 70% increase in the canal size following laminoplasty. 10 In the present study, the increase in the sagittal-plane diameter of the canal was similar to these early results and averaged 42% (range, 37 to 45%). However, evaluation of the spiral CT showed a larger increase in the volume of the spinal canal compared with one-dimensional parameter of the anteroposterior expansion ratio.
The boomerang-shaped neural arch allows the compressed spinal cord to extend posteriorly and posterolaterally, when one side of the laminae is opened following laminoplasty. The spinal cord can move not only posteriorly but posterolaterally as well. Theoretically speaking, therefore, the volumetric eect of laminoplasty on the compromised cord is more accurately assessed by evaluating the volume increment ratio compared with the conventional onedimensional anteroposterior expansion rate measured on plain CTs. The present study showed signi®cantly higher increases in the spinal canal volume at the level of C4 ± C6 vertebrae compared with those measured using one-dimensional scans.
Cervical laminoplasty is known to reduce lordosis of the spine although it ameliorates spinal cord decompression posteriorly. Strictly speaking, as Aboulker et al 12 and Batzdorf and Batzdor 13 have suggested, the reduction in lordosis, or kyphosis, is inconvenient for the posterior translocation of the spinal cord so as to avoid anterior compression. In two recent studies from our group, insigni®cant reduction of lordosis was noted after laminoplasty. 14, 24 Although this reduction in the lordotic alignment of the postoperative cervical spine did not signi®cantly aect neurological improvement, biomechanically, it may be inconvenient for the cord to be released from the lesions at posterior vertebral rims. By evaluating the spinal canal using a threedimensional approach, the present series showed that reductions of lordosis were associated with reduced volume of the cervical spinal canal postoperatively. In contrast, no such relationship was present with anteroposterior spinal canal expansion ratio. These ®ndings indicate that the use of spiral CT is useful particularly for postoperative evaluation of those patients who present with considerable decrease of lordosis postoperatively associated with unfavourable neurological recovery.
At present time, spiral CT and measurement of spinal canal volume are, unfortunately, time-consuming and rather dicult to perform during routine clinical practice. In addition, the patient might be exposed to a higher dose of irradiation during imaging. However, these diculties may resolve with further advancement in radiological technology and software development. Due to these limitations, we recommend the use of spiral CT imaging only in the presence of complex structural deformities of the cervical spine, graft dislodgment or when the weak laminae is liable to failure. However, when the resources are not available to obtain a spiral CT, it should be kept in mind that after the laminoplasty operation, a considerable spatial increase in the volume of the cervical canal has occurred, more markedly than measured on the serial CT images.
Based on the results of the present study, we suggest that spiral CT imaging is useful for assessing the increase in the volume of the cervical spinal canal following laminoplasty. The enlarged spinal canal can be more correctly evaluated with this method than conventional serial CT imaging. Postoperative reduction of lordotic alignment signi®cantly aects volumetric increment of the enlarged spinal canal.
